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(54) VENT MAST

(57) A vent mast 5 of a liquefied hydrogen carrier
according to one embodiment includes: a mast body 6;
a discharge pipe 8 located above the mast body 6; and
a bulged duct 7, which connects the mast body 6 and the
discharge pipe 8. A funnel 9 is located in the bulged duct

7. The funnel 9 receives rain that enters the bulged duct
7 through the discharge pipe 8. A length L of the discharge
pipe 8 is greater than an internal diameter D of the dis-
charge pipe 8.
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Description

Technical Field

[0001] The present disclosure relates to a vent mast
of a liquefied hydrogen carrier.

Background Art

[0002] In recent years, the development of liquefied
hydrogen carriers for transporting liquefied hydrogen has
been carried out. For example, Patent Literature 1 dis-
closes a liquefied hydrogen carrier including a tank
mounted in the hull thereof. The tank stores liquefied hy-
drogen.
[0003] The liquefied hydrogen carrier disclosed in Pat-
ent Literature 1 includes a vent mast for discharging boil
off gas (hydrogen gas) generated in the tank into the
atmosphere.

Citation List

Patent Literature

[0004] PTL 1: Japanese Laid-Open Patent Application
Publication No. 2018-204721

Summary of Invention

Technical Problem

[0005] An LNG (Liquefied Natural Gas) carrier also in-
cludes a vent mast for discharging boil off gas (NG) gen-
erated in the tank into the atmosphere. The distal end of
the vent mast is bulged. A funnel that receives rain is
located inside the bulged distal end.
[0006] The vent mast of a hydrogen carrier may be the
same in structure as the vent mast for discharging NG.
However, the flammability range of hydrogen is wider
than that of NG. For this reason, it is desired for the vent
mast of a hydrogen carrier to discharge the hydrogen
gas to a relatively far distance from the vent mast as
compared to the vent mast for discharging NG.
[0007] In view of the above, an object of the present
disclosure is to provide a vent mast that makes it possible
to discharge hydrogen gas to a relatively far distance
from the vent mast.

Solution to Problem

[0008] In order to solve the above-described problem,
a vent mast according to one aspect of the present dis-
closure is a vent mast of a liquefied hydrogen carrier, the
vent mast including: a mast body; a discharge pipe lo-
cated above the mast body; a bulged duct that connects
the mast body and the discharge pipe; and a funnel that
is located in the bulged duct and that receives rain that
enters the bulged duct through the discharge pipe. A

length of the discharge pipe is greater than an internal
diameter of the discharge pipe.
[0009] According to the above configuration, since the
length of the discharge pipe is greater than the internal
diameter of the discharge pipe, hydrogen gas that is dis-
charged through the discharge pipe is suppressed from
diffusing in the horizontal direction, but is discharged
straight upward. This makes it possible to discharge the
hydrogen gas to a relatively far distance from the vent
mast.
[0010] A vent mast according to another aspect of the
present disclosure is a vent mast of a liquefied hydrogen
carrier, the vent mast including: a mast body; a discharge
pipe located above the mast body; a bulged duct that
connects the mast body and the discharge pipe; and a
funnel that is located in the bulged duct and that receives
rain that enters the bulged duct through the discharge
pipe. The duct includes: a diameter-enlarged portion that
is enlarged in diameter upward from the mast body; a
diameter-reduced portion that is reduced in diameter up-
ward toward the discharge pipe; and a tubular portion
located between the diameter-enlarged portion and the
diameter-reduced portion.
[0011] According to the above configuration, a pres-
sure loss that occurs when hydrogen gas flows along the
inner surface of the bulged duct in a manner to bypass
the funnel can be reduced as compared to a case where
the tubular portion is absent. Consequently, the flow ve-
locity of the hydrogen gas at the distal end of the dis-
charge pipe increases, which makes it possible to dis-
charge the hydrogen gas to a relatively far distance from
the vent mast.
[0012] A vent mast according to yet another aspect of
the present disclosure is a vent mast of a liquefied hy-
drogen carrier, the vent mast including: a mast body; a
discharge pipe located above the mast body; a bulged
duct that connects the mast body and the discharge pipe;
and a funnel that is located in the bulged duct and that
receives rain that enters the bulged duct through the dis-
charge pipe. The duct includes: a diameter-enlarged por-
tion that is enlarged in diameter upward from the mast
body; and a diameter-reduced portion that is reduced in
diameter upward toward the discharge pipe. An angle of
the diameter-enlarged portion relative to a vertical direc-
tion is 30 degrees or less.
[0013] According to the above configuration, a pres-
sure loss that occurs when hydrogen gas flows along the
inner surface of the bulged duct in a manner to bypass
the funnel can be reduced as compared to a case where
the angle of the diameter-enlarged portion is greater than
30 degrees. Consequently, the flow velocity of the hy-
drogen gas at the distal end of the discharge pipe in-
creases, which makes it possible to discharge the hydro-
gen gas to a relatively far distance from the vent mast.

Advantageous Effects of Invention

[0014] The present disclosure makes it possible to dis-
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charge the hydrogen gas to a relatively far distance from
the vent mast.

Brief Description of Drawings

[0015]

FIG. 1 is a side view of a liquefied hydrogen carrier
including a vent mast according to one embodiment
of the present disclosure.
FIG. 2 is a sectional view of a distal end part of the
vent mast.

Description of Embodiments

[0016] FIG. 1 shows a liquefied hydrogen carrier 1 in-
cluding a vent mast 5 according to one embodiment of
the present disclosure. The liquefied hydrogen carrier 1
includes a hull 2 and two tanks 3 mounted in the hull 2.
In the present embodiment, the tanks 3 are located side
by side in the ship length direction. Alternatively, in a case
where the ship has a wide width, the tanks 3 may be
located side by side in the ship width direction. The
number of tanks 3 mounted in the hull 2 may be one, or
three or more.
[0017] For example, each tank 3 is a double-shell tank
in which there is a vacuum space between an inner shell
and an outer shell of the tank. Alternatively, each tank 3
may be a single shell tank covered by a thermal insulator.
[0018] In the present embodiment, each tank 3 is a
horizontally long cylindrical tank. Alternatively, each tank
3 may have a spherical, cubic, or rectangular parallele-
piped shape.
[0019] Specifically, each tank 3 includes a main tank
structure 31 and a dome 32. Liquefied hydrogen is stored
in the main tank structure 31. The dome 32 protrudes
upward from the main tank structure 31. To be more spe-
cific, the main tank structure 31 includes a body and hem-
ispherical sealing portions. The body extends in the ship
length direction with a constant cross-sectional shape,
and the hemispherical sealing portions seal openings on
both sides of the body. Alternatively, each sealing portion
may have a flat shape perpendicular to the body, or may
be dish-shaped. The dome 32 is intended for putting
pipes penetrating the tank 3 into one place.
[0020] The hull 2 includes two cargo holds 21, which
are open upward. The cargo holds 21 are located side
by side in the ship length direction, and are partitioned
off from each other by a bulkhead 22. Each of the tanks
3 is located inside a corresponding one of the cargo holds
21.
[0021] A pair of saddles 23 is located inside each cargo
hold 21. The saddles 23 are spaced apart from each other
in the ship length direction. The saddles 23 support the
tanks 3. Tank covers 4 are located above the respective
tanks 3. Each of the tank covers 4 covers, from above,
the main tank structure 31 of a corresponding one of the
tanks 3. The domes 32 penetrate the respective tank

covers 4.
[0022] The aforementioned vent mast 5 is located on
one tank cover 4. Alternatively, the vent mast 5 may be
located on an upper deck around the cargo holds 21. The
vent mast 5 is intended for discharging boil off gas (hy-
drogen gas) generated in the tanks 3 into the atmos-
phere.
[0023] As shown in FIG. 2, the vent mast 5 includes:
a mast body 6, which rises from the tank cover 4; a dis-
charge pipe 8 located above the mast body 6; and a
bulged duct 7, which connects the mast body 6 and the
discharge pipe 8.
[0024] The discharge pipe 8 is located coaxially with
the mast body 6. The bulged duct 7 is bulged radially
outward relative to the mast body 6 and the discharge
pipe 8. Although not illustrated, a mesh for preventing
the entrance of birds is attached to the distal end (upper
end) of the discharge pipe 8. In the present embodiment,
the length L of the discharge pipe 8 is greater than the
internal diameter D of the discharge pipe 8.
[0025] A funnel 9 is located in the bulged duct 7. The
funnel 9 receives rain that enters the bulged duct 7
through the discharge pipe 8. The funnel 9 has a V-
shaped cross section. The diameter of the upper end of
the funnel 9 is greater than the internal diameter D of the
discharge pipe 8. The funnel 9 is supported by an un-
shown support on the bulged duct 7.
[0026] The bulged duct 7 includes a diameter-enlarged
portion 71, a diameter-reduced portion 73, and a tubular
portion 72. The diameter-enlarged portion 71 is enlarged
in diameter upward from the mast body 6. The diameter-
reduced portion 73 is reduced in diameter upward toward
the discharge pipe 8. The tubular portion 72 is located
between the diameter-enlarged portion 71 and the diam-
eter-reduced portion 73. The upper end of the diameter-
enlarged portion 71 is connected to the outer peripheral
surface of the discharge pipe 8 at a position that is slightly
above the lower end of the discharge pipe 8 so that rain
that enters the discharge pipe 8 will drip from the lower
end of the discharge pipe 8.
[0027] In the present embodiment, in the vertical direc-
tion, the upper end of the funnel 9 is positioned between
the lower end and the upper end of the tubular portion
72. Alternatively, the upper end of the funnel 9 may be
positioned below the lower end of the tubular portion 72,
or may be positioned above the upper end of the tubular
portion 72.
[0028] In the present embodiment, in the vertical direc-
tion, the length La of the diameter-enlarged portion 71 is
greater than the length Lc of the diameter-reduced por-
tion 73 (La > Lc), and the length Lb of the tubular portion
72 is less than the length Lc of the diameter-reduced
portion 73 (Lb < Lc). Alternatively, the length La of the
diameter-enlarged portion 71 may be less than the length
Lc of the diameter-reduced portion 73.
[0029] In the present embodiment, the angle θ of the
diameter-enlarged portion 71 relative to the vertical di-
rection (i.e., an angle at which the diameter of the diam-
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eter-enlarged portion 71 is enlarged) is 30 degrees or
less. Alternatively, the angle θ of the diameter-enlarged
portion 71 may be greater than 30 degrees.
[0030] As described above, according to the vent mast
5 of the present embodiment, since the length L of the
discharge pipe 8 is greater than the internal diameter D
of the discharge pipe 8, the hydrogen gas that is dis-
charged through the discharge pipe 8 is suppressed from
diffusing in the horizontal direction, but is discharged
straight upward. This makes it possible to discharge the
hydrogen gas to a relatively far distance from the vent
mast 5.
[0031] Further, in the present embodiment, since the
tubular portion 72 is located between the diameter-en-
larged portion 71 and the diameter-reduced portion 73
of the bulged duct 7, a pressure loss that occurs when
the hydrogen gas flows along the inner surface of the
bulged duct 7 in a manner to bypass the funnel 9 can be
reduced as compared to a case where the tubular portion
72 is absent. Consequently, the flow velocity of the hy-
drogen gas at the distal end of the discharge pipe 8 in-
creases, which makes it possible to enhance the advan-
tageous effect of being able to discharge the hydrogen
gas to a relatively far distance from the vent mast 5.
[0032] In particular, according to the present embodi-
ment, since the region between the upper end of the fun-
nel 9 and the tubular portion 72 is a narrow region, the
pressure loss at the narrow region can be reduced.
[0033] Further, in the present embodiment, the angle
θ of the diameter-enlarged portion 71 is 30 degrees or
less. Accordingly, the pressure loss that occurs when the
hydrogen gas flows along the inner surface of the bulged
duct 7 in a manner to bypass the funnel 9 can be reduced
as compared to a case where the angle θ of the diameter-
enlarged portion 71 is greater than 30 degrees. Conse-
quently, the flow velocity of the hydrogen gas at the distal
end of the discharge pipe 8 further increases, which
makes it possible to further enhance the advantageous
effect of being able to discharge the hydrogen gas to a
relatively far distance from the vent mast 5.

(Variations)

[0034] The present disclosure is not limited to the
above-described embodiment. Various modifications
can be made without departing from the scope of the
present disclosure.
[0035] For example, the tubular portion 72 may be
eliminated from the bulged duct 7, and the upper end of
the diameter-enlarged portion 71 may be connected to
the lower end of the diameter-reduced portion 73.
[0036] In a case where the bulged duct 7 includes the
tubular portion 72, the length L of the discharge pipe 8
may be less than the internal diameter D of the discharge
pipe 8. Even with such a configuration, the pressure loss
that occurs when the hydrogen gas flows along the inner
surface of the bulged duct 7 in a manner to bypass the
funnel 9 can be reduced. Consequently, the flow velocity

of the hydrogen gas at the distal end of the discharge
pipe 8 increases, which makes it possible to discharge
the hydrogen gas to a relatively far distance from the vent
mast 5.
[0037] Further, in a case where the angle θ of the di-
ameter-enlarged portion 71 of the bulged duct 7 is 30
degrees or less, the tubular portion 72 may be eliminated
from the bulged duct 7, and the length L of the discharge
pipe 8 may be less than the internal diameter D of the
discharge pipe 8. Even with such a configuration, the
pressure loss that occurs when the hydrogen gas flows
along the inner surface of the bulged duct 7 in a manner
to bypass the funnel 9 can be reduced as compared to
a case where the angle θ of the diameter-enlarged portion
71 is greater than 30 degrees. Consequently, the flow
velocity of the hydrogen gas at the distal end of the dis-
charge pipe 8 increases, which makes it possible to dis-
charge the hydrogen gas to a relatively far distance from
the vent mast 5.

(Summary)

[0038] A vent mast according to one aspect of the
present disclosure is a vent mast of a liquefied hydrogen
carrier, the vent mast including: a mast body; a discharge
pipe located above the mast body; a bulged duct that
connects the mast body and the discharge pipe; and a
funnel that is located in the bulged duct and that receives
rain that enters the bulged duct through the discharge
pipe. A length of the discharge pipe is greater than an
internal diameter of the discharge pipe.
[0039] According to the above configuration, since the
length of the discharge pipe is greater than the internal
diameter of the discharge pipe, hydrogen gas that is dis-
charged through the discharge pipe is suppressed from
diffusing in the horizontal direction, but is discharged
straight upward. This makes it possible to discharge the
hydrogen gas to a relatively far distance from the vent
mast.
[0040] The duct may include: a diameter-enlarged por-
tion that is enlarged in diameter upward from the mast
body; a diameter-reduced portion that is reduced in di-
ameter upward toward the discharge pipe; and a tubular
portion located between the diameter-enlarged portion
and the diameter-reduced portion. According to this con-
figuration, a pressure loss that occurs when the hydrogen
gas flows along the inner surface of the bulged duct in a
manner to bypass the funnel can be reduced as com-
pared to a case where the tubular portion is absent. Con-
sequently, the flow velocity of the hydrogen gas at the
distal end of the discharge pipe increases, which makes
it possible to enhance the advantageous effect of being
able to discharge the hydrogen gas to a relatively far
distance from the vent mast.
[0041] In a vertical direction, an upper end of the funnel
may be positioned between a lower end and an upper
end of the tubular portion. According to this configuration,
since the region between the upper end of the funnel and
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the tubular portion is a narrow region, the pressure loss
at the narrow region can be reduced.
[0042] For example, in a vertical direction, a length of
the diameter-enlarged portion may be greater than a
length of the diameter-reduced portion.
[0043] An angle of the diameter-enlarged portion rel-
ative to a vertical direction may be 30 degrees or less.
According to this configuration, the pressure loss that
occurs when the hydrogen gas flows along the inner sur-
face of the bulged duct in a manner to bypass the funnel
can be reduced as compared to a case where the angle
of the diameter-enlarged portion is greater than 30 de-
grees. Consequently, the flow velocity of the hydrogen
gas at the distal end of the discharge pipe further increas-
es, which makes it possible to further enhance the ad-
vantageous effect of being able to discharge the hydro-
gen gas to a relatively far distance from the vent mast.
[0044] A vent mast according to another aspect of the
present disclosure is a vent mast of a liquefied hydrogen
carrier, the vent mast including: a mast body; a discharge
pipe located above the mast body; a bulged duct that
connects the mast body and the discharge pipe; and a
funnel that is located in the bulged duct and that receives
rain that enters the bulged duct through the discharge
pipe. The duct includes: a diameter-enlarged portion that
is enlarged in diameter upward from the mast body; a
diameter-reduced portion that is reduced in diameter up-
ward toward the discharge pipe; and a tubular portion
located between the diameter-enlarged portion and the
diameter-reduced portion.
[0045] According to the above configuration, a pres-
sure loss that occurs when hydrogen gas flows along the
inner surface of the bulged duct in a manner to bypass
the funnel can be reduced as compared to a case where
the tubular portion is absent. Consequently, the flow ve-
locity of the hydrogen gas at the distal end of the dis-
charge pipe increases, which makes it possible to dis-
charge the hydrogen gas to a relatively far distance from
the vent mast.
[0046] In a vertical direction, an upper end of the funnel
may be positioned between a lower end and an upper
end of the tubular portion. According to this configuration,
since the region between the upper end of the funnel and
the tubular portion is a narrow region, the pressure loss
at the narrow region can be reduced.
[0047] For example, in a vertical direction, a length of
the diameter-enlarged portion may be greater than a
length of the diameter-reduced portion.
[0048] A vent mast according to yet another aspect of
the present disclosure is a vent mast of a liquefied hy-
drogen carrier, the vent mast including: a mast body; a
discharge pipe located above the mast body; a bulged
duct that connects the mast body and the discharge pipe;
and a funnel that is located in the bulged duct and that
receives rain that enters the bulged duct through the dis-
charge pipe. The duct includes: a diameter-enlarged por-
tion that is enlarged in diameter upward from the mast
body; and a diameter-reduced portion that is reduced in

diameter upward toward the discharge pipe. An angle of
the diameter-enlarged portion relative to a vertical direc-
tion is 30 degrees or less.
[0049] According to the above configuration, a pres-
sure loss that occurs when hydrogen gas flows along the
inner surface of the bulged duct in a manner to bypass
the funnel can be reduced as compared to a case where
the angle of the diameter-enlarged portion is greater than
30 degrees. Consequently, the flow velocity of the hy-
drogen gas at the distal end of the discharge pipe in-
creases, which makes it possible to discharge the hydro-
gen gas to a relatively far distance from the vent mast.

Reference Signs List

[0050]

1 liquefied hydrogen carrier
5 vent mast
6 mast body
7 bulged duct
71 diameter-enlarged portion
72 tubular portion
73 diameter-reduced portion
8 discharge pipe
9 funnel

Claims

1. A vent mast of a liquefied hydrogen carrier, the vent
mast comprising:

a mast body;
a discharge pipe located above the mast body;
a bulged duct that connects the mast body and
the discharge pipe; and
a funnel that is located in the bulged duct and
that receives rain that enters the bulged duct
through the discharge pipe, wherein
a length of the discharge pipe is greater than an
internal diameter of the discharge pipe.

2. The vent mast according to claim 1, wherein
the duct includes:

a diameter-enlarged portion that is enlarged in
diameter upward from the mast body;
a diameter-reduced portion that is reduced in
diameter upward toward the discharge pipe; and
a tubular portion located between the diameter-
enlarged portion and the diameter-reduced por-
tion.

3. The vent mast according to claim 2, wherein
in a vertical direction, an upper end of the funnel is
positioned between a lower end and an upper end
of the tubular portion.
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4. The vent mast according to claim 2 or 3, wherein
in a vertical direction, a length of the diameter-en-
larged portion is greater than a length of the diame-
ter-reduced portion.

5. The vent mast according to any one of claims 2 to
4, wherein
an angle of the diameter-enlarged portion relative to
a vertical direction is 30 degrees or less.

6. A vent mast of a liquefied hydrogen carrier, the vent
mast comprising:

a mast body;
a discharge pipe located above the mast body;
a bulged duct that connects the mast body and
the discharge pipe; and
a funnel that is located in the bulged duct and
that receives rain that enters the bulged duct
through the discharge pipe, wherein
the duct includes:

a diameter-enlarged portion that is enlarged
in diameter upward from the mast body;
a diameter-reduced portion that is reduced
in diameter upward toward the discharge
pipe; and
a tubular portion located between the diam-
eter-enlarged portion and the diameter-re-
duced portion.

7. The vent mast according to claim 4, wherein
in a vertical direction, an upper end of the funnel is
positioned between a lower end and an upper end
of the tubular portion.

8. The vent mast according to claim 6 or 7, wherein
in a vertical direction, a length of the diameter-en-
larged portion is greater than a length of the diame-
ter-reduced portion.

9. A vent mast of a liquefied hydrogen carrier, the vent
mast comprising:

a mast body;
a discharge pipe located above the mast body;
a bulged duct that connects the mast body and
the discharge pipe; and
a funnel that is located in the bulged duct and
that receives rain that enters the bulged duct
through the discharge pipe, wherein
the duct includes:

a diameter-enlarged portion that is enlarged
in diameter upward from the mast body; and
a diameter-reduced portion that is reduced
in diameter upward toward the discharge
pipe, and

an angle of the diameter-enlarged portion rela-
tive to a vertical direction is 30 degrees or less.
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